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Model systems to study the life cycle of human papillomaviruses 
and HPV-associated cancers
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The prevalent human papillomaviruses (HPVs) infect either cutaneous or mucosal epithelium. 
Active Infections lead to epithelial hyperprolifeation and are usually cleared in healthy individuals 
within a year.  Persistent infections in the anogenital tracts by certain high-risk genotypes such as 
HPV-16, HPV-18 and closely related types, can progress to high grade dysplasias and carcinomas 
in women and men, including cervical, vulva, penile and anal cancers. A significant fraction of the 
head and neck cancers are also caused by HPV-16. The viral oncogenes responsible for neoplastic 
conversion are E6 and E7 that disrupt the pathways controlled by the two major tumor suppressor 
genes, p53 and members of pRB family. Because HPV cannot be propagated in conventional 
submerged monolayer cell cultures, organotypic epithelial raft cultures that generate a stratified 
and differentiated epithelium have been used to study the viral life cycle. This article describes 
several systems to examine aspects of the viral productive phase, along with the advantages and 
limitations. Animal model systems of HPV carcinogenesis are also briefly described.
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INTRODUCTION

Human papillomaviruses (HPVs) are prevalent patho-
gens with strict species and tissue tropisms. Over 200 
types of HPVs infect either mucosal or cutaneous epi-
thelium (Bravo and Felez-Sanchez 2015; Bzhalava et al., 
2015). Many of them are ubiquitous and are considered 
as part of normal human condition. Most infections are 
asymptomatic, while active infections cause warty ep-
ithelial proliferation; they are usually cleared within a 
year by the patient’s immune systems. However, a small 
fraction of persistent infections in the anogenital tracts 
by about 2 dozens mucosotropic high-risk (HR) α HPV 

types, such as type 16, and type 18 and closely related 
types, can progress to high grade dysplasias, carcinoma 
in-situ and cancer, most notably cervical, vulva, penile, 
and anal cancers. Indeed, over 99% of the cervical can-
cers are associated with one or more of these HR HPV 
types (Walboomers et al., 1999).  About 25% –35% of 
head and neck cancer, notably oropharyngeal cancers, 
are also caused by HPV-16. Some lung cancers have 
been reported to harbor and express HR HPV oncogenes 
(Buonomo et al., 2011). In contrast, types 6 and 11 cause 
over 90% of genital warts and virtually all the laryngeal 
papillomatosis. Such lesions rarely progress to cancers 
(zur Hausen, 2009).  Because the mucosotropic α HPV 
types can be sexually transmitted, they have commanded 
the attention of most of the basic research efforts and 
clinical translation into vaccine development, patient 
screening, and therapeutic strategies.  

HPVs produce few virus particles in the infected tis-
sues and attempts to produce viruses in conventional 
monolayer cell cultures have been unsuccessful. An 
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examination of a wide spectrum of patient lesions, from 
benign to cancerous, revealed the reasons why. In benign 
productive warty lesions, viral transcription and viral 
DNA amplification as extrachromosomal plasmids were 
tightly associated with squamous differentiation, and 
virus capsid antigen was detected only in the superficial 
dying or dead cells (Stoler et al., 1989). In high grade 
lesions and cancers, HPV DNA was often found integrat-
ed into the host chromosomes. The expression of viral 
E6 and E7 genes was highly upregulated, whereas the 
late genes are not expressed and progeny viruses are no 
longer produced (Stoler et al., 1992; Chow and Broker, 
2013). Thus, prior to the successful establishment of a 
productive system, studies were concentrated in investi-
gating functions of individual viral proteins in transient 
transcription or replication assays or in investigating 
the immortalization functions of the HR HPVs. These 
studies establish that initiation of replication from the 
viral origin (ori) depends on the ori recognition protein 
E2 and the replicative DNA helicase E1 and that the HR 
HPV E6 and E7 oncoproteins disrupt the pathways con-
trolled by the two major tumor suppressors, p53 and the 
pRB family of proteins, as well as by many additional 
host proteins. Together, the viral oncogenes immortalize 
primary human keratinocytes or cervical cells in vitro 
(McLaughlin-Drubin and Münger, 2009; Münger Moody 
and Laimins, 2010; Chow and Broker, 2013) and are re-
sponsible for viral carcinogenesis in transgenic mice (to 
be described).

To elucidate the roles of the viral oncoproteins in the 
viral life cycle and the detailed molecular mechanisms, 
it is necessary to recapitulate the viral productive phase 
in vitro. To this end, researchers turned to an organotypic 
raft culture system which was developed by dermatolo-
gists to obtain quickly simple epithelial tissues in large 
quantities for burnt patients (Asselineau and Prunieras, 
1984). This system was adapted to achieve a faithful 
and orderly program of proliferation, stratification and 
terminal squamous differentiation (Wilson et al., 1992). 
Briefly, primary human epithelial cells were plated over 
a dermal equivalent comprising type 1 rat tail collagen 
embedded with mouse J2 3T3 fibroblasts as feeder cells. 
The assembly is then cultured on top of a stainless grid at 
the air-liquid medium interface. Over a period of 9 days 
to 3 weeks, the epithelial cells develop into a stratified 
squamous epithelium. This culture system supported 
the viral productive program based on explanted warty 
tissues that were developed from HPV-11 infected fore-
skin chips grafted under the renal capsule of nude mice 
(Dollard et al., 1992). Meyers et al. (1992) on the other 
hand developed raft cultures from a cell line CIN 612 
derived from a cervical dysplasia (Bedell et al., 1991). 
Upon treatment with TPA to promote abrupt terminal dif-
ferentiation, progeny virus particles were generated.  

At this junction, it is appropriate to mention briefly that 
raft cultures can also be developed from PHKs transduced 
with retroviruses that deliver viral oncogenes to inves-
tigate their functions (Halbert et al., 1992; Cheng et al., 
1995; Genovese et al., 2008, 2011).  Furthermore, certain 
cervical carcinoma cells lines such as SiHa and CaSki as 
well as keratinocytes that are at various stages of transfor-
mation by transfected HR HPV DNA. These raft cultures 
simulate cancer tissues and the different grade of dys-
plasias, respectively (Blanton et al., 1991; Hurlin et al., 
1991; Steenbergen et al., 1998; Henken et al., 2011). 

ORGANOTYPIC EPITHELIAL RAFT CULTURE 
SYSTEMS CAPABLE OF PRODUCING VIRUS 
PARTICLES

Immortalized epithelial cells
Immortalized epithelial cell lines derived from cer-

vical dysplasias, such as W12 (Stanley et al., 1989), 
which harbor HPV-16 genomic plasmids, or CIN612 
which harbors HPV-31b plasmids (Hummel et al., 1992) 
were used to investigate virus-host interactions in raft 
cultures. But to study viral mutants, one has to use cells 
that do not have resident HPV DNA. For that, NIKS, a 
spontaneously immortalized human dermal keratinocytes 
(Lynn-Hoffmann et al., 2000) or PHKs immortalized by 
the transfected HR HPV DNA (wild type or mutant) are 
widely used (Lambert et al., 2005; McLaughlin-Drubin 
and Meyers, 2005; Regan and Laimins, 2013). However, 
robust viral DNA amplification and high titer of progeny 
viruses have not been reported in raft cultures of immor-
talized cells, compromising their use in mutagenic anal-
yses. The difference relative to primary human keratino-
cytes (see below) is undoubtedly caused by unfavorable 
genetic or epigenetic changes associated with the immor-
talization process.

Primary human foreskin keratinocytes (PHKs)
Being readily available, primary keratinocyte cultures 

derived from foreskins circumcisions (PHKs) are most 
frequently used to develop organotypic cultures. The ep-
ithelium developed resembles cutaneous skin with basal, 
spinous, granular and cornified strata. Cervical cells can 
also be developed into raft cultures with histology dis-
tinct for cervical tissues. However, because normal cer-
vix tissue is not routinely available and the lack of tissue 
consistency due to differences in donor age or other con-
ditions unrelated to HPV infections, it is not used rou-
tinely, except for the purpose of obtaining immortalized 
cells.

The one highly productive program uses early pas-
sages of PHKs in which HPV-18 plasmid DNA is gen-
erated in the transfected PHKs by using the Cre-LoxP 
recombination system. The viral plasmid liberated from 



Model systems to investigate HPV pathogenesis

VIROLOGICA SINICA94　APRIL 2015　VOLUME 30　ISSUE 2

the supercoiled parental recombinant plasmid retains its 
superhelicity and serves as efficient templates for tran-
scription and DNA replication. A differentiation-depen-
dent productive program is recapitulated in the epithelial 
tissue in 2 weeks. The viral DNA can amplify to an aver-
age over 5000 copies/cell. Progeny virus particles are as-
sembled in the superficial cells and matured in the dying 
or dead cells. High titer of progeny virions harvested are 
infectious, enabling passage in PHKs raft cultures (Wang 
et al., 2009). The progeny virus has been used to help as-
sess the efficacy of next generation prophylactic vaccines 
(Jagu et al., 2013).

The Cre-loxP based system has enabled genetic anal-
yses of HPV-18 mutants not previously possible. For in-
stance, the HR HPV E6 proteins interact and destabilize 
a large number of host proteins, including p53 (Howie 
et al., 2009). The expression of E7 induces a DNA 
damage-like response whereupon ATM, CHK1, CHK2 
and JNK kinases are activated (Moody and Laimins, 
2009; Banerjee et al., 2011). Being a substrate of these 
kinases, p53 protein is stabilized in the suprabasal cells 
(Jian et al., 1998). E6 mutants unable to destabilize p53 
cannot be investigated in raft cultures because they do 
not immortalize keratinocytes and also because mutant 
genomes are quickly lost in transfected cells. Using the 
Cre-loxP system in PHKs, p53 is shown to be one of the 
crucial targets of the E6 protein. HPV-18 E6 mutants 
unable to destabilize p53 effectively are impaired in viral 
DNA amplification, while p53 shRNA, which reduces 
p53 protein levels, largely restores it (Kho et al., 2013).

EV keratinocytes
Epidermodysplasia verruciformis (EV) patients are 

genetically recessive in chromosomal EVER1 or EVER2 
genes. Mutations in either gene make the subjects highly 
susceptible to cutaneous β HPV infections. EV patients 
are very rare but lesions associated with HPV 5 or 8, 
convert to non-melanoma, squamous carcinomas in sun 
exposed skins at a rate of 35%. EVER1 and EVER2 
genes encode proteins that control Zn2+ homeostasis 
(Lazarczyk et al., 2009). The authors propose that the 
proteins encoded by these two genes provide protection 
against HPVs by limiting viral proteins the access to 
Zn2+. Nevertheless, raft cultures of EV patient keratino-
cytes are hyperproliferative and, in some cases, exhibit a 
differentiation dependent viral DNA amplification, analo-
gous to α HPV types (Borgogna et al., 2012). Clearly EV 
patient tissues are too rare to be used as routine research 
materials. It will be interesting to determine whether 
knockdown EVER genes in PHKs would facilitate the 
productive phase of HPV-5 or HPV-8 in raft cultures.

Advantages of organotypic raft cultures
One of the many advantages of raft cultures is the 

ability to interrogate the virus-host interaction in the 
stratified epithelium in individual cells by using in situ 
assays of thin section of formalin-fixed, paraffin em-
bedded epithelial tissues. This system can be subjected 
to metabolic labelling, time course, pulse chase experi-
ments, and varying multiplicity of infection. Using these 
approaches the productive program of HPV-18 was elu-
cidated (Wang et al., 2009). In brief, in situ assays show 
that the viral E7 protein destabilizes p130, a pRB family 
protein which maintains the homeostasis of post-mitotic 
differentiated cells, thereby promoting S phase re-entry 
(Genovese et al., 2008, 2011). While the cellular DNA 
replicates in S phase, as evidence by the presence nu-
clear S phase cyclin A, the viral DNA amplifies during a 
E7-induced prolonged G2 phase (Banerjee et al. 2011), 
where high amounts of G2 phase cyclin B1 accumulate 
in the cytoplasm. As the viral DNA amplifies in the mid 
and upper cell strata, the E7 activity is gradually reduced 
and is eventually extinguished, whereupon cells exit the 
cell cycle. Thereafter, both viral and host DNA replica-
tion cease, and the virus switches to a late phase for viri-
on morphogenesis.   

Conventional biochemical assays can be conducted 
on the epithelial portion of the raft cultures, including 
virus isolation and titering by qPCR, protein isolation 
for immunoprecipitation, co-immunoprecipitation, or 
Western blots, and nucleic extraction for Southern blots, 
qPCR, Northern blots and RT-PCR. For instance, cDNA 
cloning, Northern blots and RT-PCR of the raft cultures 
lysates have established a detailed viral transcription 
map (Wang et al., 2011; Kho et al., 2013). The PHK raft 
cultures system can also be used to assess the effects of 
potential inhibitors of virus infection. Cytotoxicity is 
readily revealed by changes in tissue histology in HPV-
infected and control normal raft cultures in the presence 
or in the absence of the test compound. The extent of 
inhibition of viral DNA amplification can be evaluated 
by in situ hybridization and the average viral DNA copy 
number/per cell can be quantified by qPCR. Moreover, 
the mechanisms of action can be investigated in situ or 
biochemically (unpublished results of our laboratory). 
We suggest that it would be a more expedient and less 
expensive substitute than xenografts of HPV infected tis-
sue in SCID mice (Bonnez, 2005).

Importantly, raft cultures uniquely offer the opportunity 
to analyze epithelial tissues in the absence of other cell or 
tissue types, as is the case for native tissues from patients. 
An example is the investigation of alterations in the mi-
croRNA (miRNA) expression in response to HPV infec-
tion. miRNAs are regulatory, noncoding small RNAs that 
down-regulate protein expression of targeted mRNAs. 
Thus miRNAs could be either tumorigenic or tumor sup-
pressive. HPVs do not encode miRNAs but, by targeting 
host proteins, E6 or E7 can alter indirectly the expression 
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of host encoded miRNAs. The effects have been docu-
mented in viral oncogene transduced PHKs or in cancer 
cell lines that harbor HR HPVs (Martinez et al., 2008; 
Wang et al., 2008, 2009; Wald et al., 2011; Zheng and 
Wang, 2011; Yablonska et al., 2013; McKenna et al., 2014). 
Not unexpectedly, some alterations in miRNA expres-
sion  appear to facilitate viral productive program (Melar-
New and Laimins 2010; Gunasekharan and Laimins, 
2013). Conversely, viral oncogene expression can also be 
affected by miRNA induced by antiviral responses of the 
infected host cells (Zhang et al., 2013).  

Several studies have profiled miRNAs in cervical can-
cers and in head and neck cancers. It has been proposed 
that certain changes may serve as prognostic biomark-
ers for HPV-associated lesions (Martinez et al., 2008;  
Shishodia et al., 2014; Honegger et al., 2015). However, 
to demonstrate the relationship between miRNA modu-
lation and HPV activities, it is necessary to interrogate 
with in vitro model system to compare HPV infected 
cells or tissues relative to normal cells or tissues, while 
unencumbered by the limitations of patient tissues, such 
as the presence of other cell types (fibroblasts, endothe-
lial cells, as well as immune cells), possible inclusion of 
normal tissues, or coexistence of different grades of HPV 
lesions.  

Raft cultures are ideal to examine the modulation of 
miRNA expression as a consequence of HPV infection. 
In a recent study, changes in the expression of a number 
of miRNAs were found to be common in raft cultures of 
immortalized keratinocytes or cervical cells containing 
HPV-16 or HPV-18 and in HPV-18 productively infected 
PHK raft cultures (Wang et al., 2014).  The viral proteins 
responsible were identified to be E6, E7 or both. The 
ratio of several miRNAs the expression of which was 
most prominently altered tracks with HPV carcinomas. 
However the caveat in assaying patient specimens is the 
mixed cell or tissue types, as noted above. Whether the 
altered expression of these miRNAs identified in this 
and other studies indeed serve as specific biomarkers for 
HPV lesion progression needs to be validated with addi-
tional patient specimens or with raft cultures of immor-
talized PHKs at different stages of transformation.

The limitations of organotypic raft cultures
There are limitations in PHK organotypic cultures.  

First, early passages of PHKs have to be used and the 
efficiencies of DNA transfection can vary among batches 
of PHKs. Thus, it can be time consuming, but not more 
so than deriving HR HPV immortalized cells in vitro. 
Second, in situ detection for host or viral proteins are 
limited by the availability of antibodies that can function 
in formalin fixed tissues. Third, it has not been possible 
to deliver double-stranded siRNAs to raft cultures, likely 
due to nonspecific binding to the dermal equivalent (our 

unpublished observation). However, retroviral vectors 
expressing shRNA have been successfully transduced 
into PHKs prior to raft cultures development (Lee et al., 
2011; Kho et al., 2013).  Lastly, because of the relative 
long duration of these experiments, it is not possible to 
knockdown with high efficiency host proteins that are 
critical for basal cell proliferation, necessary to sustain 
the raft cultures.

IN VITRO MODEL SYSTEMS THAT DO NOT 
PRODUCE PROGENY VIRUS

Epithelial cells
Human keratinocytes are known to undergo abrupt 

differentiation within 1 to 3 or 4 days when they were 
cultured while being suspended in methylcellulose 
(Adams and Watt, 1989) or in the presence of high Ca2+ 
(Boyce and Ham, 1983; Stanley and Yuspa, 1983). To 
shorten the duration of the experiments and to streamline 
and facilitate biochemical assays, these alternative ap-
proaches have been applied to epithelial cells containing 
HR HPV genomic plasmids (Regan and Laimins, 2013).  
However, in the absence of sequential stratification and 
orderly differentiation, the viral DNA amplification is 
limited. Since capsid protein expression is dependent 
on high levels of viral DNA amplification (Wang et al., 
2009, Kho et al., 2013), it is not detected and progeny 
virus particles are not produced. Thus, certain aspects of 
the viral productive program cannot be investigated.  

On the other hand, there are advantages of these sys-
tems. They dramatically speed up the conduct of the ex-
periments. The effects of siRNAs to knockdown certain 
host proteins can be easily tested without having to con-
struct shRNA-producing retroviruses. Chemical inhibi-
tors that would affect cell proliferation and hence cannot 
be tested in long-term raft cultures can be examined in 
these short term cultures. By using these systems, a num-
ber of host proteins or pathways have been shown to play 
a role in the viral life cycle (Hong et al., 2011; Hoskins 
et al, 2012; Donaldson et al., 2013; Hong and Laimins, 
2013, 2015). It would be most desirable if some of these 
experiments can be extended to PHK raft cultures for 
comparison.

U2OS cell line
U2OS is an osteosarcoma cell line and been shown to 

maintain transfected HPV DNA as extra-chromosomal 
plasmids. The HR and LR α HPVs and the cutaneous 
beta papillomavirus are stably maintained for several 
weeks (Geimanen et al., 2011; Sankovski et al., 2014). 
This system has been used to study the initial viral DNA 
replication upon introduction into the cells and its regu-
lation by viral proteins. The viral promoters and mRNA 
splicing sites are similar to what has been reported in 
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productive HPV infections. Also of interest is the obser-
vation that the viral DNA copy number increases when 
the cells were cultured for many days at a confluent state 
without passage. However, the increase in viral DNA 
copy number is limited and there is no capsid protein 
synthesis, nor progeny virus production. The investiga-
tors propose that this system will be useful for screening 
inhibitors of HPV replication.

3A trophoblasts
HPV DNA has been detected in cord blood and pla-

cental trophoblasts. Its presence increases HPV positivity 
in neonates and is also associated with preterm sponta-
neous delivery. These observations were attributed to 
HPV-induced dysfunction of the placenta (Sarkola et al., 
2008; Gomes et al., 2008). Thus, it is of interest to de-
scribe experiments in which HPV DNA was transfected 
into trophoblasts. The 3A trophoblast cell line is derived 
by immortalizing human trophoblasts with a temperature 
sensitive SV40 T antigen which is inactivated by cultur-
ing the cells at 39 ºC during the experiments. This cell 
line has been reported to support the productive program 
of HR and LR HPV types (Liu et al., 2005; You et al., 
2008). However, viral DNA copy number appears low 
and decreases with time. Further careful characterization 
is needed to assess its potential as a model system to 
study the HPV infectious program.

ANIMAL MODEL SYSTEMS TO EXAMINE HPV 
CARCINOGENESIS

Transgenic mice
The HR HPV E6 and E7 genes can immortalize pri-

mary human epithelial cells in which the viral DNA is 
integrated into the host chromosomes. These cells are not 
tumorigenic in immune-compromised mice. Tumorigenic 
properties eventually emerge upon prolonged propaga-
tion of the immortalized cells under selective pressure 
to become sequentially growth factor independent and 
differentiation resistant (Creek et al., 1995). Genetic or 
epigenetic changes occurred in cellular genes during this 
multi-stage transformation processes. The identification 
of these host genes is a subject of intense ongoing re-
search (Henken et al., 2011; Chen et al., 2013; Schütze et 
al., 2015; Xu et al., 2015). 

To investigate HPV carcinogenesis in animal model 
systems, transgenic mice have long been used. The viral 
oncogenes E6, E7, or E5 of HPV-16, or the entire early 
region of HPV16 are expressed from the keratin 14 pro-
moter which is active only in the basal cells of the mouse 
epithelium. Bitransgenic HPV-16 E6 and E7 mice were 
then obtained by breeding the single transgenic mice. 
Interestingly, cancers develop only upon prolonged ex-
posure to estrogen which promotes cell proliferation. 

Constitutive expression of viral oncogenes in the prolifer-
ating basal cells usurps the pRB- and p53-regulated path-
ways, thereby leading to genome instability while curb-
ing p53 mediated apoptosis. Ultimately, progression to 
carcinomas occurs. Cancers of the cervix, anus and head 
and neck have all been modeled (Ocadiz-Delgado et al.,
2009; Jabbar et al., 2009; Maufort et al., 2010; Stelzer et al., 
2010;  Thomas et al., 2011).  

The HPV transgenic mice can be further bred with 
various mutant mice and used to examine addtional path-
ways involved in HPV carcinogenesis. For Instance, a 
functional estrogen receptor α is shown to be essential 
for the development of cervical cancer (Son et al., 2014). 
This finding supports the need for long term exposure to 
estrogen. Conversely, an ER antagonist can clear mice 
of HPV-induced cervical cancer (Chung and Lambert, 
2009). Other double transgenic mice show that Wnt/
β-catenin signaling (Bulut and Üren, 2015) and Fanconi 
anemia deficiency promote viral carcinogenesis (Park et 
al., 2013, 2014). It is worth noting that because the trans-
genic mice are immune competent, they are also being 
used to investigate interactions of HPV with the mice 
immune systems (Gosmann et al., 2014a, 2014b; Tran et 
al., 2014). 

In contrast to HR α HPVs, for which the expression 
of viral oncogenes is invariably detected in associated 
cancers and indeed necessary to maintain transformed 
phenotypes, the causal relationship between β HPVs and 
non-melanoma squamous carcinoma is more difficult to 
prove except for EV patients where cancers are usually 
associated with HPV-5 or HPV-8. This is because viral 
DNA and RNA are not detected in all the cancer cells. 
Furthermore, the large number of EV family of β HPVs 
is commonly found in healthy subjects. Thus, carcino-
genesis by these viruses in non-EV patients may involve 
additional mechanisms (Howley and Pfister, 2015). 

Transgenic mice models reveal that E6 and E7 on-
cogenes of HPV-38 function as tumor promoters and 
collaborate with chemical carcinogens such as DMBA or 
TPA, or with DNA damaging agent, such as UV, to pro-
mote progression, increasing susceptibility to developing 
skin cancers (Viarisio et al., 2013). Interestingly, in HPV-
8 transgenic mice, UV irradiation elevates viral onco-
gene expression, which in turn up-regulates oncogenic 
miRNAs and down-regulates tumor suppressive miRNAs 
(Hufbauer et al., 2011).

Xenografts of cervical cancer cell lines 
and patient derived xenografts in immune 
compromised mice

As with other kinds of cancer cell lines, cervical can-
cer cell lines can be grown as xenografts in flanks of 
athymic mice. In recent years, investigators have had 
success in grafting fragments of cervical cancer tissues 



Louise T. Chow 

www.virosin.org APRIL 2015　VOLUME 30　ISSUE 2　97

orthotopically (patient derived orthotopic xenografts) 
or more commonly, in the flanks of SCID mice (Siolas 
and Hannon, 2013; Hiroshima et al., 2015). The tumors 
developed can be serially passaged in immune compro-
mised mice. These xenolines, once established, offer 
advantages over cervical carcinoma cell lines because 
they retain characteristics more closely resemble the 
original cancers. In contrast, cancer cell lines that have 
been propagated in vitro for years could have properties 
unlike the original cancers. The xenolines can be used 
in experiments aimed to deliver personalized medicine. 
For instance, profiling the patient cancers to identify 
biomarkers (Ojesina et al., 2014; Cancer Genome Atlas 
Network. 2015; Chung et al., 2015) would guide the se-
lection of the pathway-dependent small molecular weight 
inhibitors. The potential therapeutic effects of the in-
hibitors can be tested and verified in the patient-derived 
xenografts.  Positive results may then form the basis for 
moving towards clinical trials. 

HPV-16 Transformed mouse cells in syngenic 
mice

TC-1 cells are C57BL/6 mouse lung cells that are 
transformed by HPV-16 E6/E7 genes and activated 
c-Ha-Ras (Lin et al., 1996).  The cells are tumorigenic 
in syngeneic mice. Because C57BL/6 mice is immune 
competent, it is very widely used in the development of 
immune therapy to treat HPV-caused cancers and in test-
ing potential therapeutic agents (Jung et al., 2014; Peng 
et al., 2015; also see references therein). 

CONCLUDING REMARKS

To summarize, in vitro and in vivo model systems 
have been developed to examine all aspects of the HPV-
associated diseases, from benign infections to cancers. 
The productive program is best addressed by in vitro sys-
tems, as is the multi-stage transformation process. The 
transgenic model system provides the platform to inves-
tigate the mechanisms of HPV carcinogenesis in each of 
the sites where the HR HPVs cause cancers. Upon gain-
ing a thorough understanding of viral pathogenesis, both 
the in vitro and in vivo model systems can be employed 
for drug discovery. Unlike xenografts in immune com-
promised mice or cell or raft cultures, transgenic mice 
also offer an opportunity to investigate immunological 
interactions between host and HPVs. Finally, the patient 
derived xenograft model most closely mimics the origi-
nal cancers. It could play an important role in delivering 
personalize medicine.
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